Site-dependent g-factor of a single magnetic molecule, with intramolecular resolution, is demonstrated for the first time by low-temperature, high-magnetic-field scanning tunneling microscopy of dehydrogenated Mn-phthalocyanine molecules on Au(111). This is achieved by exploring the magnetic-field dependence of the extended Kondo effect at different atomic sites of the molecule. Importantly, an inhomogeneous distribution of the g-factor inside a single molecule was revealed. Our results open up a new route to access local spin properties within a single molecule. PACS numbers: 72.15.Qm, 71.10.-w, 71.15.Mb, 73.20.-r †These authors contributed equally to this work.
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The magnetic properties of a nanostructure play a pivotal role in the design of miniaturized spintronic devices [1] . The Kondo resonance, due to many-body spinflip scattering between a local magnetic moment and the conduction electrons of a host metal, has been increasingly popular in the scientific community in recent years [2, 3] . One signature of a Kondo resonance is its splitting at the presence of an external magnetic field, doubling the usual Zeeman splitting [4] . This field-induced Kondo splitting can be used to characterize the g-factor of systems like quantum dots in transport or scanning tunneling microscopy (STM) experiments [5] [6] [7] [8] [9] . Importantly, the effective g-factor (or its deviation from that of free electrons) depends not only on magnetic anisotropy but also on the local spin-orbit coupling [10, 11] . For example, spin-orbit interaction has been found to cause a contribution of orbital angular momentum to appear in the ground state [11] . Thus, the ability to probe the fine structure of the g-factor should allow us to understand the internal spin properties of a complex molecule, if the Kondo splitting can be locally resolved inside a molecule.
Here, we report a systematic investigation of the Kondo effect in a series of dehydrogenated (DH-) Mn-phthalocyanine (MnPc) molecules, which are modified through detachment of hydrogen atoms by STM. We observe that the Kondo effect is extended in space beyond the central Mn ion, and onto the non-magnetic constituent atoms of the molecule. This extended Kondo effect can be explained by spin polarization induced by symmetry breaking of the molecular framework, as confirmed by density functional theory (DFT) calculations. Measuring the evolution of the Kondo splitting with applied magnetic fields at different atomic sites, we find a spatial variation of the g-factor within a single molecule for the first time. The existence of atomic site-dependent g-factors can be attributed to different spin-orbit coupling of molecular orbitals within the molecule. As both, molecular orbitals and 3 / 18 their associated g-factor are relevant for the chemical environments, our results provide a new route to explore the internal electronic and spin structure of complex molecules, hard to achieve otherwise.
The MnPc molecules were deposited on an Au(111) substrate at room temperature, and the sample was subsequently cooled down to 0.4 K for all STM measurements in this report. The molecular structure of MnPc is shown in the left panel of Fig. 1(a) . On a terrace, each MnPc molecule appears as a four-lobed cross with a central protrusion (see right panel of Fig. 1(a) , and Fig. S1 (a) in Ref. [12] ), which is consistent with molecular D 4h symmetry and indicates a flat-lying adsorption configuration. Subsequently, we have detached single hydrogen atoms by STM manipulation, to sequentially alter the molecular structure and the electronic properties of the molecule [13] [14] [15] . This can be achieved by placing the STM tip above a specific molecular lobe (as indicated by red dotted circles in the left panel of Fig. 1(a) ) and then applying a voltage pulse of 3.6 V for one second with the feedback loop disengaged. Figure 1 Fig. 1 (c)) to a sharp peak for -6H-MnPc molecule and a double-peak structure for the -8H-MnPc molecule (top curve in Fig. 1(c) ). The new spectral features of the dehydrogenated molecules can be attributed to the characteristics of the Kondo resonance, due to spin-flip scattering between the local 4 / 18 magnetic impurity, the Mn ion, and the conduction electrons of the substrate [16] [17] [18] [19] [20] [21] .
The presence of a zero-field split (ZFS) of the Kondo resonance for the -8H-MnPc is due to the magnetic anisotropy experienced by the central Mn ion.
One of the hallmarks of a Kondo resonance is its splitting in the presence of an external magnetic field B [4-9]
where is the Bohr magneton. In the spectroscopy experiments we observe the split in the dI/dV spectra under an applied magnetic field. The results are summarized in Figs. S2 and S3 in Ref. [12] , confirming the existence of the Kondo resonance.
To quantitatively analyze the evolution of the Kondo resonance as the molecule is dehydrogenated, we have fitted the dI/dV spectra by taking two Fano functions into account [20] :
where e / is the normalized energy ( is the position of the resonance. Γ is the half-width at half-maximum of the Kondo peak, which is related to Kondo temperature T K as Γ~ k B T K at low temperatures), Δ is the Zeeman splitting energy of the Kondo peak, and q is the Fano asymmetry factor given by ⁄ ( and are the matrix elements for electron tunneling into the continuum of the bulk states and the discrete Kondo resonance, respectively [22] ). The use of two Fano functions is necessary in order to describe the spectra in the presence of ZFS or Zeeman splitting.
For the intact MnPc molecule an asymmetric Kondo resonance is detected,
yielding a negative q factor of -1.16 ± 0.1 and T K of 36 ± 1 K [ Fig. 1(d Fig. S4 (a) in Ref. [12] ), indicating that the Kondo resonance is fully localized at the Mn ion of the molecule. Our observation of a highly localized Kondo effect in intact MnPc molecules is consistent with previous work [18, 19] . A similarly localized possibilities due to molecular orbitals [28, 29] . The measured energy splitting follows a linear dependence with the applied magnetic field, which can be used to determine the corresponding g-factors (see Fig. S5 in Ref. [12] ). Importantly, the g-factor exhibits a spatial variation over the molecule, and it is dependent on the constituent Although the ligand field tends to quench the orbital angular momentum, the spinorbit interaction mixes different states with the same orbital angular momentum, resulting in a ground state with non-zero orbital angular momentum. This results in an effective g-factor larger than 2 [10] . Due to symmetry breaking induced by the dehydrogenation as shown in Fig. 3 , the non-magnetic macrocycle of the -6H-MnPc molecule also acquires a net spin, which is mainly contained within p orbitals [Figs.
2(e), 3(b) and 3(c)]. The net spin at N and C sites interacts mainly with the substrate electrons, and thus the g-factors are close to 2. Consequently, the spin moments residing on the d orbitals (at the Mn site), as well as on the p orbitals (at the N and C sites), couple to a different degree with the orbital angular momentum, resulting in a variation of the g-factor within the molecule. The validity of this -qualitative -model also implies a variation of the Kondo temperature at different atomic sites within the molecule. As Figure 4 (h) shows, T K at different atomic sites is indeed different, supporting the validity of our qualitative model.
In summary, we have experimentally detected a spatial variation of the g-factor inside a single molecule for the first time. The results are obtained by measuring the Zeeman splitting of a Kondo resonance above specific atoms of the molecule.
Qualitatively, the effect can be attributed to the symmetry-breaking of the molecular frame due to dehydrogenation of the molecule. Compared to other techniques like spin-polarized STM, our approach does not require a magnetic tip, and it directly 10 / 18 the free electron g value (2) . Green or red colors represent that the value is higher or lower than that of the free electron, respectively. (b) to (f), dI/dV spectra acquired at different atomic sites specified in (a). All dI/dV spectra were measured at the sample temperature of 0.4 K under a magnetic field of B z = 0～11 T. The zero-field splitting of the Kondo peak may be due to magnetic anisotropy [27] . The slightly asymmetric 
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